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Abstract 
 
Background: Mobile health (mHealth) applications (apps) have gained significant popularity over the last few years 
due to its tremendous benefits such as lowering healthcare cost and increasing patient awareness. However, the 
sensitivity of healthcare data makes the security of mHealth apps a serious concern. The use of poor security 
practices and lack of Security Knowledge (SK) on developers’ side can embed several vulnerabilities in mHealth 
apps. 
Objective: In this review paper, we aim at identifying and analysing the reported challenges that the developers of 
mHealth apps face with respect to security. The knowledge of such challenges can help to reduce the risk of 
developing insecure mHealth apps.  
Method: We followed Systematic Literature Review (SLR) method for this review. Since the major app stores (i.e., 
Google Play and Apple Store) were launched in 2008, we selected studies that have been published between January 
2008 and April 2019. We selected 26 studies using predefined criteria and used thematic analysis method for 
analysing the extracted data. 
Results: Out of 26 studies, we identified seven challenges that can affect the development of secure mHealth apps. 
Our analysis revealed that insufficient SK of the developers, lack of security guidelines for developing secure 
mHealth apps, lack of security experts in mHealth apps development organizations, obsolete SK of mHealth apps 
developers, poor security decisions during mHealth apps development, speed of delivering mHealth apps, and lack of 
mHealth apps testing during the development process are the major challenges that hinder secure mHealth apps. 
Based on our analysis, we have presented a conceptual framework which highlights the correlation between the 
identified challenges. 
Conclusion: Whilst mHealth apps development organizations might overlook the security, we conclude that our 
findings can be beneficial to assist them to identify the weaknesses and improve their security practices. Similarly, the 
developers of mHealth apps can identify the challenges they are facing to enable them to develop mHealth apps that 
do not pose security risk for users. Our review suggests further support for mHealth apps developers by continuously 
providing the needed SK, seeking to hire a security expert in the domain of mHealth app and providing sufficient 
time to deliver an app. 
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Introduction 
Background 
The use of mobile apps in healthcare has gained 
widespread adoption [1, 2]. Lack of health 
professionals, especially in rural area, is a great 
motivator for mobile health (mHealth) apps adoption 
[3]. Leveraging mHealth apps will improve the access 
to healthcare services, lower its cost and increase 
health awareness of patients. There are several types of 
mHealth apps which have been developed for health 
purposes ranging from general health apps such as 
decision, support, vitals, and reproductive health apps; 
through fitness apps for an activity tracker, nutrition 
tracker and mindfulness [4]. The number of mHealth 
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apps has grown massively after launching the 
centralized mobile apps repositories (i.e., Google Play 
and Apple Store) in 2008. It is easier for mobile 
developers to distribute their apps to a wide range of 
users [5]. Research2guidance, an organisation for 
providing research and consultancy for digital health, 
reports that 78,000 new mHealth apps were added to 
apps stores in 2017 alone. The report also shows that 
mHealth apps downloads reached 3.7 billion and the 
market revenue for digital health reached USD 5.4 
billion in 2017 [6].   
Health professionals are increasingly relying upon 
health data which are collected via mHealth apps to 
make their decisions. Thus, data manipulation (e.g., 
changing the blood type of a patient in an app 
connected with a hospital storage by unauthorized 
access) can bring significant changes in the treatment 
causing serious results, e.g., worsened morbidity or 
death [7, 8]. Whilst health regulations and laws (i.e., 
Health Insurance Portability and Accountability Act -
HIPAA) strive to protect medical integrity and 
patients’ privacy by focusing on hospitals, doctors and 
insurance firms, little attention has been paid to 
support mHealth apps developers by providing them 
with suitable guidelines for developing secure apps [4, 
9]. It is a common observation that health providers 
usually outsource the development work for mHealth 
apps. Unlike other domains, such as finance services, 
health providers usually lack sufficient knowledge and 
infrastructure to secure patients’ data and update 
security patches [9, 10]. In addition, the attitude of 
end-users (e.g., patients, doctors) of mHealth apps can 
affect the security of apps [11]. End-users may 
accidentally introduce new threats by connecting their 
phones to untrusted medical devices and sensors [12].  
A large part of mHealth apps’ security relies on 
developers' experience for designing and developing 
secure systems. According to [1, 13-16], a majority of 
mHealth apps may not have implemented the 
mechanisms to fully protect health data. They also 
claim that mHealth developers may fail to 
appropriately implement basic security solutions such 
as authentication, encryption for data at rest and data 
in transit. It is being recognised that it is critically 
important to fully train mHealth apps developers in 
implementing suitable security mechanisms to protect 
patients’ data from being stolen or compromised. 
Hence, it is important to identify and synthesize the 
reported challenges of challenges of developing secure 
mHealth apps as a body of knowledge for research and 
practice. We have reviewed the relevant literature to 
identify the security challenges by focusing on the 
developers rather than the solutions that can be 
applied. Our research question for this literature 
review is: What are the challenges that software 
developers of mHealth apps face with respect to 
implementing security? 
Previous work 
The challenges of developing secure software have 
been receiving increasing attention in recent years. A 
review by Kanniah et al. [17], which included 44 
studies, has identified the factors that influence secure 
software development practices. The study finds that 
security skills, expertise, tools and development time 
are among the factors, which have impact on secure 
software development. The factors are classified into 
institutional context, people and action, project 
content, and software development process factors. 
Thomas et al. [18] address the issues that security 
auditors are facing during the application review for 
security bugs. The study recommends further support 
for development process by providing security-related 
tools and effective communication tools for 
developers' interaction. Further support for software 
developers has also been recommended by providing 
motivation (e.g., reward or recognition) as well as 
provide solutions for technical challenges such as 
using third-party libraries issues. The authors 
recommend recruiting security experts within teams 
and make them available for answering questions. 
Raghavan et al. [19] present a model for achieving 
security during Software Development Lifecycle 
(SDLC). Their model suggests the following factors: 
security policy, management support, security-related 
training for developers and development process 
control. Weir et al. [20] studied the positive factors 
that enhance the development of secure software. The 
work identified the interventions that lead to achieving 
security by performing a threat model, organising 
motivational workshops to engage team members, a 
continuous reminder of developers. In addition, the 
study also highlights other intervention that needs to 
be considered such as components choice of security 
tools, performing static analysis, developers training, 
and performing penetration testing and code review. 
There are also some studies aimed at helping mobile 
apps developers to develop secure apps by providing 
guidelines for the development process [21-23]. Given 
the increasing realization of the need of providing 
mHealth apps developers with appropriate 
knowledge/training and support for develop secure 
software, there is an important need of identifying and 
analysing the challenges that may prevent mHealth 
apps developers from developing secure apps. The 
findings from this review will contribute to a body of 
knowledge about the challenges that mHealth apps 
developers’ face with respect to security.  
Research Method 
This research was conducted as a Systematic Literature 
Review (SLR). It is one of the most widely used 
research methods of Evidence-Based Software 
Engineering (EBSE). SLR provides a well-defined 
process for identifying, evaluating, and interpreting all 
available evidences relevant to particular research. We 
followed the guideline of Barbara Kitchenham to 
perform an SLR that involves three main phases: 
defining a review protocol, conducting the review      
and reporting the review [24]. In this section, we 
briefly describe the main components of the review 
protocol and its conduction. The reporting phase and 
the main findings are presented in the Results section. 
Search strategy 
We used Scopus digital library as our main search 
library as there are many successful examples of other 
researchers, e.g., [24], for limiting their search to 
Scopus. Scopus indexing system has the advantages 
of facilitating the formulated complex search string, 
frequently updated and keeping track of a large 
number of journals and conferences in software 
engineering studies. We used the following strategies 
in order to form our search string: (i) identifying the 
major terms based on the study focus as well as the 
research questions, (ii) identifying all the possible 
keywords and related synonyms based on our 
experience and previous work, (iii) using the Boolean 
“AND” to join major terms and the Boolean “OR” to 
join alternative terms and synonyms. We used the 
following search string: 
 
 
 
Inclusion and exclusion criteria 
We targeted peer-reviewed publications written in 
English including journals, conferences, workshops 
and book chapters published during the period 
January 2008 to April 2019 since major app stores 
(i.e., Google Play and Apple Store) were launched in 
2008. We excluded non peer-reviewed studies (i.e., 
lecture notes, summaries, panels, and posters) as well 
as the studies which are not written in English. We 
also excluded the studies which are not accessible. 
Table 1. Inclusion and exclusion criteria. 
Inclusion criteria 
 IC1: Studies in English and full text is accessible. 
 IC2: Studies that are peer-reviewed, journals, 
conferences and workshops. 
 IC3: Studies that present security challenges, issues 
and practices for mHealth apps development process. 
Exclusion criteria 
 EC1: Studies that is not written in English. 
 EC2: Non peer-reviewed studies (i.e., lecture notes, 
summaries, panels, and posters). 
 EC3: Studies that do not focus on mHealth apps 
development process (e.g., studies that focus on 
developing algorithms, sensors, or network protocols 
were excluded). 
Studies selection 
The studies selection was performed based on the 
following steps: (1) searching Scopus digital library 
using the specified search string, (2) applying the 
exclusion criteria, (3) excluding studies based on 
reading title and keywords, (4) excluding studies 
based on reading abstract and introduction, (5) 
scanning full paper (6) excluding studies based on 
reading the full paper critically. Figure 1 presents the 
phases of the adopted research process. 
Data extraction and synthesis 
We selected 26 papers for this review, addressing the 
challenges of developing secure mHealth apps. The 
complete list of the reviewed studies is available in 
Appendix 1. We used Endnote tool to manage 
bibliographical as well as utilizing Excel spreadsheets 
to extract and synthesise data. Thematic analysis, a 
qualitative analysis technique, was used to analyse 
and synthesize the extracted data for deriving the 
results for this review [25]. 
 
Figure 1. Phases of the adopted research process 
Results 
Our analysis has identified seven challenges regarding 
the development of secure mHealth apps. Hereafter, 
we will be discussing each of these challenges with 
respect to the existing literature. 
Challenge 1: Insufficient Security Knowledge 
of the developers of mHealth apps 
Security Knowledge (SK) of mobile apps developers 
plays a significant part in developing secure mHealth 
apps. Lack of SK may result in developing insecure 
app that may leak health information to attackers. The 
reviewed studies indicate that mHealth apps 
developers do not have enough security education that 
covers important security aspects. Consequently, 
mHealth apps developers may follow insecure 
programming practices (e.g., employing improper 
security solutions) [13, 26, 27], and insufficient 
security skills to handle mHealth apps permissions 
[28].
TITLE-ABS-KEY (("security" OR "insecure" OR 
"secure") AND ("mobile health" OR "mobile 
healthcare" OR "mobile health-care" OR “mobile 
health care” OR "telehealth" OR "mhealth")) 
Table 2. Challenges in developing secure mHealth apps. 
 
Furthermore, insufficient security education leads to 
lack of security awareness when attaching particular 
device (e.g., tracking device that help to monitor user 
behaviour) with mHealth apps [4, 10, 29], and lack of 
adequate SK on integrating an app with other systems 
[30].  
The development process of mHealth apps can be 
supported by using security tool (e.g., Zed Attack 
Proxy, Android Debug Bridge, Codified Security, 
White Hat Security, and Quick Android Review Kit) 
Security tools are supporting resources to facilitate 
writing secure code during the development process. 
They assist developers to catch errors that they might 
be unaware of and adjust their code accordingly before 
releasing an app. Wurster et al. [31] argued that not all 
software developers are security experts and there is a 
need to use suitable security tools during a 
development project. Security tools for mobile apps 
have received a lot of attention by researcher. A recent 
security tool, called FixDroid [32] has the ability to 
show warning messages with recommendations to fix 
errors during coding phase. Whilst, it proved the 
effectiveness by improving the security of the written 
code, it is limited to Android apps developers and it is 
not widely known. Therefore, developers’ SK of the 
existing tools can have significant impact on the 
security of a developed app. It is a challenge for 
mHealth apps developers to be aware of all the 
existing security tools. Besides being aware of the 
relevant security tools, it can be difficult for 
developers to learn to use them within the time and 
resources available for a project. Thus, lack of proper 
Challenge Key Points in the reviewed studies 
Freq. 
(N=26) 
Insufficient SK of the 
developers of mHealth 
apps 
 Lack of security education that covers security and privacy aspects (S4, S8). 
 Lack of security awareness of mHealth apps developers (S7). 
 Lack of mHealth apps developers’ skills to handle apps permissions (S20). 
 Lack of SK of secure programming to apply proper security measures e.g., 
secure connection (S2, S10, S9). 
 Lack of SK when inserting tracker in application as it may leak information 
or have malicious code (S5, S6). 
 Lack of proper SK of the trusted libraries and how they can be utilized (e.g., 
dealing with legacy system to integrate the app with EHR) (S1, S19). 
 Lack of SK of the existing security tools and how they can be used properly 
(S22, S10).  
 Lack of SK of using secure Application Programming Interface (API) control, 
Third-party API (S3).  
 
13 
Lack of security 
guidelines for developing 
secure mHealth apps  
 Lack of security guidelines (S12, S14, S15, S6), framework (S7, S8), 
standards (S13, S14, S17, S6, S20, S10), compliance and regulations (S1, 
S16, S19). 
 Lack of well-known security practices (S9). 
 Lack of security and privacy policies (S18). 
 Lack of ethical issues (S11), legal restrictions when dealing with user data 
(S9, S5). 
 
17 
Lack of security experts 
within the development 
organization 
 
 The availability of the security expert, the long process for meeting or 
seeking an approval and lack of feedback during development process (S21, 
s23). 
2 
Obsolete SK of the 
developers of mHealth 
apps 
 Using out-of-date security measures by mHealth apps developers (S2, S23). 
 Some mHealth apps have the same security errors (S20). 
 Lack of formal security training and awareness to maintain the knowledge 
of mHealth apps developers (S24). 
 Lack of auditing SK and review what knowledge they have (S10). 
 Using out-of-date libraries (S7). 
 
6 
Poor security decisions 
during the development 
process  
 
 Error in choices by mHealth apps developers (S7, S24).   2 
A speed of delivering 
mHealth apps 
 Deadline make developers focus on functional requirements (S5, S7). 
 High workload on developers (S26). 
 
3 
Lack of mHealth apps 
security testing  
 Lack of conducting proper security testing (e.g., vulnerability scan) for 
mHealth apps (S7, S20, S25). 
 
3 
SK is an issue that relates to insufficient SK of 
mHealth apps developers [27, 33].  
Similarly, software libraries can be used as supporting 
resources to facilitate software development process. 
Such libraries help developers to reuse specific code 
for certain goal as well as support access to some 
hardware and software which might be needed. Yet, it 
can be challenging to know which library to trust while 
developing mHealth apps. There is a risk of data 
leakage by using untrusted libraries [9, 30]. Some 
libraries, especially the open-source ones, may collect 
data about users without developers being aware of, 
which can lead to data privacy breaches [34]. 
Furthermore, using untrusted third-party libraries to 
integrate mHealth app with Electronic Health Record 
(EHR) may lead attackers to gain unauthorized access 
to patients’ data [30].  The inappropriate use of 
software libraries is another issue that relates to 
insufficient SK of mHealth apps developers.   
Challenge 2: Lack of security guidelines for 
developing secure mHealth apps  
Security guidelines refer to a set of suggested actions 
or recommendations for things to do or avoid during 
software development. They can be found in the form 
of security books, technical reports, or official 
documentation for mobile apps platform, providing 
instructions for security features [35]. The security 
guidelines help apps developers, especially 
inexperienced ones, to adopt effective security 
practices and write secure code. They contain 
accessible information, properly layered and 
searchable, with good coverage of all security aspects 
(e.g., cryptography, handling of user input and 
privileges [21]). Several authors [14, 29, 36, 37] have 
pointed out a general lack security guidelines for 
developing secure mHealth apps. Zubaydi et al call for 
effective guidelines that can help developers to build 
secure mHealth apps [29]. Even though, there are 
guidelines to protect health data (i.e., HIPAA guides), 
they do not provide specific instructions for 
developing secure mHealth apps. Furthermore, it has 
also been claimed that there is a lack of security 
frameworks, standards, compliance checklists and 
regulations [10, 13, 30, 37-39]. Legal restrictions (i.e., 
obtaining security certification) ensure that mHealth 
apps development organisations are not developing 
vulnerable mHealth apps [4, 29]. 
Challenge 3: Lack of security experts within 
mHealth apps development organisations 
A security expert, security leader or security champion 
within an organisation plays an important role during 
mHealth apps development process [40]. Besides their 
development activities, they direct mHealth apps 
developers on secure development practices as well as 
performing a security review to ensure their code does 
not have security defects. A security expert is also 
capable of encouraging developers to achieve security 
goals, and educate other developers about the potential 
threats and solutions [19, 20, 41]. The lack of security 
experts within a software development team can lead 
to failures in applying proper security controls by 
mHealth apps developers. In addition, lack of 
availability as well as the long process to meet security 
experts would create a challenge for developers [40]. 
As a result, lack of constructive feedback may prevent 
developers from: (1) acquiring SK, (2) gaining hands-
on experience, and (3) developing apps that are secure 
by design. Scarcity of security experts within mHealth 
apps development teams is a challenge to be 
overcome. 
Challenge 4: Obsolete Security Knowledge of 
mHealth apps developers 
Threats landscapes are changing rapidly; thus, dealing 
with the volatile environment requires developers to 
keep updating their SK. Even security experts need to 
get their knowledge updated [15]. Despite the fact that 
mHealth apps vulnerabilities usually announced 
publicly in the security relevant knowledge banks 
(e.g., National Vulnerabilities Database - NVD) or 
data breach reports to advice developers to fix bug, 
yet, for some reasons (i.e., difficult to use), these 
security alerts are not followed or are ignored. As a 
result, unfixed bugs might allow attackers to perform 
malicious activities (e.g., illegally access health data 
by exploiting sensors permissions enabling them to 
extract data or transfer malware to an app [16]).  The 
announcements of the identified security bugs are one 
way of encouraging mHealth developers to keep up-to-
date with the threat landscape.  Muthing et al as well 
as Dehling et al. indicate that mHealth apps developers 
are using out-of-date security measures [1, 17]. As a 
result, some mHealth apps may even have previously 
exposed security errors [4]. Despite the realization of 
the importance of keeping mHealth developers aware 
of the latest security issues, there is a little evidence 
that developers get regular formal security training to 
maintain their SK [18]. Furthermore, lack of auditing 
among developers to maintain and review their SK is 
also a challenge to be addressed [3]. The older 
versions of security tools and libraries may also 
contain known vulnerabilities [7]. Most of the security 
tools and libraries are often updated to address the 
security related issues by introducing new functions; 
hence, it is important to be aware of and use the latest 
versions of the security tools and libraries. Thus, 
obsolete SK of mHealth apps developers with respect 
to the frequent updates for the security tools and 
libraries can be a challenge. 
Challenge 5: Poor security decisions during 
the development of mHealth apps 
Poor security decisions by mHealth apps developers 
can introduce vulnerabilities. For instance, a poor 
security decision may allow health apps to share health 
data with other mobile apps, untrusted apps or 
externally hosted [29]. We noticed from the reviewed 
literature that mHealth apps developers make their 
security decisions based on their assumption or 
strategies [42]. A vulnerability scan was conducted by 
Thamilarasu et al [10] has reported 248 vulnerabilities 
in the top 15 Android based mHealth apps. The study 
revealed that the top three most common 
vulnerabilities were not errors in the system, but 
instead, errors in the choices made by the developers 
(i.e., choice of suitable cipher, choice of permissions to 
request on a mobile device.) The study concluded that 
most vulnerabilities could have been prevented 
through proper coding and secure engineering 
practices. 
Challenge 6: A speed of delivering mHealth 
apps  
Due to business pressures, delivering an app on time 
tends to be the main aim that mHealth apps developers 
try to accomplish to satisfy customers and avoid extra 
costs. High workload and tight timeframes require 
mHealth apps developers to put more effort to meet 
functional requirements as a primary task [4, 10, 43]. It 
also affects their attitude and behaviour towards 
addressing security (e.g., underestimating risks, 
assuming attackers will not realize the weaknesses) 
and dealing with security after releasing an app [44]. 
This approach does not only lead to insecure mHealth 
apps, but also increases the cost and introduces new 
vulnerabilities after fixing the existing vulnerabilities 
[45]. It is estimated that the cost can be 30 to 100 times 
more expensive to retrofit security compared with 
incorporating security from the beginning [46]. The 
speed of delivering apps will also affect team members 
to share and convey SK among mHealth apps 
developers [47]. Therefore, rushing to deliver mHealth 
apps is a challenge that needs to be overcome to 
develop secure mHealth apps. 
Challenge 7: Lack of mHealth apps security 
testing during the development process 
Security testing is one of the important phases of 
mHealth apps development lifecycle. Security testing 
helps determine the quality of apps by ensuring all the 
security requirements are met. Security testing for 
mHealth apps in particular will help to see how an app 
will react against different attacks (e.g., unauthorized 
access to health data, tampering health data or 
reporting invalid health data to health professionals 
[4]). Security testing of mHealth apps can be 
overlooked since it can be a challenging task for 
developers. There are several factors that can affect 
performing security testing including absence of 
security testing tools, lack of effective and well-known 
testing guidelines, cost of performing app testing by a 
third-party organisation, or lack of security expert with 
a software development organisation [10, 28, 48]. 
Consequently, this will lead to release mHealth apps 
without conducting security testing leaving an app in a 
high risk [49]. Wurster et al. indicate that security 
testing is not a first-choice task for developers and 
their main job is completing the required features [31].  
Discussion  
Figure 2 presents a conceptual framework for 
correlating the identified challenges. We will be 
clarifying some points that we believe should be 
discussed.  
The relationship of lack of security experts within 
mHealth apps development organisations with 
other challenges 
“A critical challenge facing software security today is 
the dearth of experienced practitioners"-- Barnum and 
McGraw  
A report by IBM showed that there is a dearth of 
security experts in mobile apps development. Only 
41% of the participants indicated that their 
organizations had sufficient security expertise [46]. 
Hence, having a security expert can be a strategic 
advantage for an organization. The role of security 
experts is quite crucial in developing secure mHealth 
apps. We conclude from figure 2 that lack of security 
experts is already linked with all challenges. Without 
security experts in a team, the required SK will be 
missing (i.e., what security guidelines need to be 
followed, what security tools are available to be 
utilized and which libraries can be trusted). As a result, 
developers’ SK will be remained insufficient. In 
addition, lack of security experts within mHealth apps 
development organisations can lead to take poor 
security decisions, deliver an app quickly without even 
performing security test. Moreover, security experts 
within an organisation are the ones who know what 
developers need to enhance their SK and capability. 
Security experts can convince their top management to 
assign adequate budget to be used for secure mHealth 
apps development. Having sufficient budget will 
enable an organisation to organise training sessions to 
keep developers SK up-to-date. It helps to adopt 
security tools which can be used for testing an app 
before releasing. Therefore, security experts can help 
to overcome all the security challenges.  
The relationship of the insufficient SK of mHealth 
apps developers with other challenges 
Our analysis showed that there is direct relationship 
among insufficient SK of developers, lack of security 
guidelines, and obsolete SK of developers. Developing 
secure mHealth apps requires both SK and security 
guidelines. At the same time, knowing about security 
guidelines, security tools or trusted libraries are not 
enough. Apps developers need to be aware of how, 
when and why they should utilize them. As we have 
indicated earlier, mHealth apps developers may allow 
libraries to collect data about end users unintentionally. 
At the same time, insufficient SK and security 
guidelines will contribute to the limited SK of 
developers and make it obsolete. 
The development of secure mHealth apps is becoming 
a complex and challenging undertaking. mHealth apps 
require connecting with external sensors or devices, 
e.g., wearable devices, implantable devices [50]. 
Nevertheless, providing the required learning 
resources can be underestimated by mHealth apps 
development organisations [47]. Thus, organisations 
are required to provide security material to allow 
developers to learn to connect mHealth apps with  
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2. A conceptual framework for correlating the challenges in developing secure mHealth apps
emerging technologies, i.e., Internet of Things (IoT). 
Providing resources to support secure apps 
development contribute to filling the SK gap, which 
has been created over time. This practice helps to open 
the mindset of developer of security errors that need to 
be avoided [51].  
Critical challenges for developing secure mHealth 
apps  
Critical challenges can be determined if a certain 
challenge has frequency ≥50% of the selected studies. 
This criteria has been used by other researchers in 
different domains  [52, 53]. Table 2 presents the 
frequency of each challenge in the reviewed studies. 
By using this criteria, we conclude that there are two 
main critical challenges which are: lack of security 
guidelines for developing secure mHealth apps (17 out 
of 26, 65%), and insufficient SK of mHealth apps 
developers (13 out of 26, 50%). Figure 3 shows the 
frequency analysis of the identified challenges in the 
reviewed studies.  
 
Figure 3. Frequency analysis of the identified 
challenges. 
Despite the fact that other challenges were given less 
attention by the reviewed studies (8%, 23%, 8%, 12%, 
and 12% respectively); some challenges have a direct 
relationship with other challenges as we indicated 
earlier (e.g., poor security decisions during mHealth 
apps development is related to insufficient SK of 
developers). Consequently, there will be an impact on 
development process of mHealth apps. Therefore, we 
believe that all challenges are equally important for 
enhancing the development of secure mHealth apps.   
Future work 
We have presented the findings from an SLR in the 
previous section based upon our research question. As 
a result, our review enabled us to propose the 
following areas that warrant future research on secure 
development of mHealth apps. 
Challenges and solutions of developing secure 
mHealth apps with real-world practitioners 
In this review, we have identified the challenges that 
hinder developing secure mHealth apps based on SLR. 
We plan to conduct an empirical study to investigate 
the challenges with real-world practitioners to validate 
our results. The planned future research will enable us 
to compare the identified challenges that we have 
identified from the literature with real-world practices 
to get better understanding.  Furthermore, we aim to 
study the practices that real-world practitioners are 
using to overcome the identified challenges. This will 
allow us to define which challenges are correlated to 
which practices.  Hence, identifying the challenges and 
solutions will assist us to provide a body of knowledge 
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Lead to 
and propose a theoretical framework for secure 
mHealth apps development.    
Developers’ motivations for developing secure 
mHealth apps 
Motivation refers to the driving force behind all the 
actions of developers during development. It has been 
recognized as a key success factor for software 
projects. Motivation can be seen differently based on 
developers and an organisation’s size [54]. The 
research on security practice indicates that many 
security incidents are mainly caused by human, rather 
than technical failure [55]. Developers with low 
motivation were found to be one of the most 
frequently cited causes of software development 
project failure [56]. Xie et al. [57] present the reasons 
that make software developers make security errors. 
The study concludes that most of software developers 
have "not my problem" attitude which indicates that 
software developers are the source of security errors 
due to their attitudes and behaviours. Because 
motivation plays an important role in secure mHealth 
apps development process, we assert that there is a 
need to conduct an empirical study to understand the 
motivations and de-motivations of developers to 
develop secure mHealth apps. This will create a better 
understanding and assist mHealth apps development 
organizations to realize and focus on motivation factor.  
Conclusion  
Healthcare providers can utilize mobile apps to 
replace current systems and create new services at low 
cost. However, security needs to be considered during 
mHealth apps development process to avoid security 
threats (e.g., compromising health data). Thus, it is 
crucial to overcome the obstacles that hinder 
developing secure mHealth apps in the early phase. In 
our review, we have followed an SLR approach and 
selected 26 articles that we believe are relevant to our 
study. We have identified and discussed seven major 
challenges faced by mHealth apps developers to 
develop secure apps. We also provided a conceptual 
framework for the identified challenges as well as 
presented a number of challenges linked to the body 
of knowledge found in this literature review. These 
challenges need to be taken into consideration to 
reduce the number of insecure mHealth apps.  
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